In the framework of the European Directive 2002/49/EC, from 2012 to 2016, several cities in Greece have completed noise strategic maps with noise action plans that usually define the main strategies to reduce the noise residents are exposed to and introduce and preserve "quiet zones". Several medium urban agglomerations in Greece (Volos, Larissa, Chania, Heraklion, Corfu, Agrinio, Thessaloniki) have been chosen to also analyse the sound qualities of the soundscapes of specific urban neighbourhoods in order to generate recommendations for the urban design of the soundscapes of these agglomerations in a manner that complements conventional noise mitigation measures. The general principle of this approach is to relate quantitative data (e.g., from measurements, acoustic simulations, urban forms, topography, and traffic model) with qualitative data (e.g., from type of sources, interviews, reports on environmental noise perception) by creating quantitative and qualitative maps. The aim of this study is to propose possible action tools to the relevant authorities aiming at diminishing noise levels in affected areas and also to provide solutions towards a sustainable sound environment both in space and time. This paper presents the main current methodology, selected important results proposed for the urban agglomerations of a typical Southeast Mediterranean country such as Greece.
Introduction
Today the only tools that address issues of sound environment on the scale of an agglomeration are those made by the Member States of the European Union for use in the development of Strategic Noise Maps (S.N.M.) and the associated Noise Action Plans (N.A.P.) [1] . These tools have the advantage of using mapping and represent the quantitative criteria (e.g., L den and L night ) on a territory thus ensuring the reproducibility of the studies. They also propose a common European basis with which it is possible to organize a comparison between different neighborhoods or different cities within the same country, or between different cities across different countries. It should be noted that the S.N.Ms and N.A.Ps foreseen in the Directive take into account the topography of the site, threedimensional urban forms, floor coverings, and road, rail, airport and industrial noises. Although several research projects have aimed to include motorbike noise in this calculation and simulation methodology [2] , it is important to note that they simulated a set of limited sources; and that all the sound sources related to human activity (e.g., leisure, works, neighborhoods), as well as those coming from natural sources, also need to be taken into account. Noise maps of selected noise sources, such as transportation networks or media, cannot account for all sources that make up the complex sound world in which we live, including those related to sounds produced by us. Therefore, in addition to these maps, this approach aims to specify relative quiet zones and/or zones where the sound quality needs to be particularly improved or protected [3, 4] in each urban agglomeration. These more complete S.N.M. are accompanied by N.A.P., aiming at not only to reduce the number of residents exposed to high noise levels, but also to protect and enhance the sound quality within these so-called quiet zones. But this notion of quietness is difficult to understand and define; its definition cannot be reduced to the choice of simply a limiting value of an index such as L den or L night , given the fact there exist substantial cultural differences among member countries regarding the concept of quietness. These differences are linked mainly with climatic conditions and the style of urban life, with emphasis on both social and cultural differences. Therefore, despite the introduction of Strategic Noise Mapping and the introduction of homogenous quantifiable indicators (L den and L night ), not only research teams, but also practitioners (e.g., town planners, acousticians, architects) are questioning the practical quality of the sound environments that such parameters produce. The vast majority of SNM's introduce qualitative dimensions in their analysis (by introducing the concept of soundscape) and trying to understand why significant parts of the population like or dislike the sound qualities of their environment ( Figure 1) .
A quick look at the results of these studies in different European countries show that expectations are very similar [6, 7] : Residents in the designated area want a sound environment where sources related to transportation, and/or to the mechanical sounds associated with human activities are balanced "harmoniously" with natural sounds and "dynamically" during the day, across the seasons and finally throughout the year. Such results span the lands and the cultures from northern to southern Europe. We need, therefore to propose tools, which ensure that sound quality in existing or new urban areas moves towards sustainable development because it is a significant contributor to the user's comfort in the environment. However, we must ensure that sound quality also creates situations that will ensure its attractiveness and sustainability over the years. . This legal framework also aims at defining a common approach intended to avoid, prevent or reduce on a prioritized basis potential negative effects, including annoyance, due to environmental noise exposure. Furthermore, the directive aims to provide a basis for the European Union Member States to develop the relevant noise action plans in order to reduce environmental noise emitted by the major sources, in particular all relative transportation infrastructure, roads, rail, airport, as well as outdoor and industrial equipment and mobile machinery, as perceived by citizens in their homes, in urban agglomerations or the countryside, especially in sensitive land uses such as hospitals, schools, and residential buildings. Within the relevant S.N.M. and N.A.P. projects, for the medium Greek urban agglomerations presented herein, an analysis of the sound qualities of the soundscapes in selected inner urban neighbourhoods was performed, including all provisions of the above European Directive and finally a relevant Noise Action Plan with the proposed anti-noise measures and resulting recommendations for soundscape design of selected urban areas and districts were also included. 
The soundscape evaluation approach in Greek medium urban agglomerations
During the period from 2012 to 2015, a soundscape evaluation methodology was introduced as a part of the EU Directive implementation in seven medium urban agglomerations in Greece: Volos and Larissa (2012), Chania and Heraklion on the island of Crete (2013), Corfu and Agrinio (2104) and Thessaloniki in 2015 ( Figure 1 ). In Table 1 the size for the concerned urban agglomerations is presented including number of buildings (residential and with emphasis on the above sensitive uses also to health, education and religion uses) within the 3D model, and the type of the environmental noise sources considered in the study. These medium size urban agglomerations share several common acoustic challenges and also the need of a soundscape management:
• Volos, Corfu, Chania, Heraklion and Thessaloniki are urban agglomerations near the sea with an important "seafront", affecting the implementation of a full scale ring road to efficiently divert through traffic from the center.
• Chania and Corfu are two international tourist destinations and the expectations regarding the acoustic environment and especially the local soundscape are quite different for the two distinct target groups, i.e. inhabitants and tourists.
• Volos, Heraklion, Corfu and Thessaloniki have traditional activities linked to their touristic, commercial, and industrial harbors.
• Heraklion and Corfu both have important international air traffic.
• Thessaloniki is on the verge of a large urban change because of the re-organization of the public transport network due to the future opening of two Metro lines.
All the above parameters pushed both Local and National authorities to focus their efforts on the function of these urban agglomerations by providing general recommendations for the rehabilitation of the sound environment qualities in several key sectors as described hereafter. These districts represent key points regarding the management of sound environment: They may be exposed or crossed by significant environmental and other urban noise sources, but more importantly they represent urban areas crucial to the future development of each agglomeration. Work on the above particular urban areas is contributing to the development of recommendations for these specific neighbourhoods but often these recommendations concern practically the whole agglomeration (by changing main road traffic parameters introducing soft modes of mobility or even introducing the future relocation of an airport) [5, [7] [8] [9] [10] .
The table above presents the names of the specified urban districts in the selected medium U.A. in importing the Digital Geometrical and Functional models. A full GIS database was constructed in order to manage, analyse, and graphically present all geo-referenced data. These S.N.M.'s (see Figure 3 ) provide the possibility to focus and edit smaller local urban At this scale, it is possible to analyze the given district by street level, or even by blocks of buildings to assess the relation between the urban form and the propagation of main noise sources. indicating among other parameters the absolute value of acoustic criteria in all the public spaces of the selected area. Moreover the relative value of these noise criteria much needed in the complete soundscape analysis, integrates ground topography and 3D model of buildings ensuring both absolute and relative values In parallel with the S.N.M. several type of maps are introduced in order to better understand the appearance and the propagation conditions of the main sound sources in the neighborhood. The so-called "urban typology map" uses the satellite view of the district map as the general raster. It is a way to draw the third dimension of the pubic space and make possible the analysis between the built form and noise propagation. In another word, this map is a first approach in determining if the sound environment in a given urban area is in effect closed, semi-closed or open.
Spatio-acoustic typology map
The spatio-acoustic typology map shows the urban forms based on potential acoustic effects (e.g., acoustic filters, acoustic fence, reserves of silence, sound territories, urban acoustic room, and sound rhythms). In the example below, the following figures show three types of sonic effect created by urban form typology: Most of the entrances to the neighborhood create a cutting-off effect as soon as the pedestrians leave the main avenue and enter the secondary streets, due to reduction of the street section and mass from the street blocks that reduces sound level locally. Private and semi-public space in-between the blocks can be considered as places with form of silence (could be named "silence islet") because of the mass and the height of the buildings. Furthermore, the few covered public streets that pass through the ground floor level of a few buildings (STOA), work as a large acoustic filters from one side of the building to the other. Regarding the proposed restructuration of the "Stock Market Square" in Thessaloniki, it was important to show that in situ anal- yses (i.e., from sound recordings, observations and interviews), combined with strategic noise mapping simulation was able to show that the topography of the district, and the given forms of the existing buildings are able to easily create identifiable sound effects when a person walks through the district. In a generic analysis of the soundscapes qualities it is important to show clearly on an appropriate map such potentials of the existing urban form.
Map of predominant uses
This type of map shows the most prevalent uses of public space and buildings, such as pedestrian streets and alleys, street for both pedestrians and car circulation at reduced speed, roads with low or heavy traffic, shops, offices, cultural, educational, health and religious buildings.
This map shows, for example in (a) Volos -Old city district and (b) Karagatz how the existing dwellings (grey color), workshops (orange), shops (violet), churches (red) and industrial buildings (blue) are mixed in this urban area, which is a unique characteristic of its urban identity. It also gives an idea of the sound sources that can be identified in the area, e.g. linked with the road traffic noise or industrial equipment operation and also indicates the use of existing public spaces. In comparison, the second sector shown on this map (Karagatz) is much more neutral because it presents almost the same activities in the whole area, i.e., residential and sports.
Sonic qualities assessment by residents and mapping
This part of the analysis is essential in understanding how the population of the area lives in the existing acoustic environment and how they evaluate sounds around them in their daily life. Interviews were conducted with the local residential population on the basis of a semi-directive structure, with the main following principles:
• The interview began with questions related to a global evaluation of the urban area of interest by the local residential and working population regarding different environmental aspects, such as urban security, clean environment, noise.
• Then the next set of questions focused on the assessment of the sound environment using free descriptions provided by the population through a pair comparison method between themes, e.g., town versus nature, dynamic versus static, vivid versus disturbing, etc. • This was followed by a set of questions focusing on the various sound sources that inhabitants could hear and recall from their districts, such as those of a neighbour, animals, nature, human activities, schools or traffic. It is important to let interviewees express their own priorities and to avoid an initial focus only on noise sources. Each time people were also asked to describe the conditions where, when and with what frequency they heard the sounds. • Next, interviewees were encouraged to identify sounds that could be considered as representative or unique to the urban district. This phase is important because it shows that sound dimensions in concepts such as sound indices, sound markers or sound identity are important.
• The interview ended with questions inviting respondents to consider if they could identify any patterns (daily, weekly or seasonally as examples) and to discover how the memory of the district is built through sounds.
The general structure of the questionnaire is presented in the following table and has been used and built for the first series of studies in the agglomerations of Volos and Larissa and was then adapted to each new town and district. It should be noted that only the final questions of the questionnaires should be dedicated to the environmental and other noise sources and relevant noise emissions. The reason is that in several surveys regarding the assessment of a given acoustic environment it has been established that, if interviewees are first asked about the sounds and noises from their urban district, they are likely biased toward focusing on the specific noise problem in subsequent descriptions. It becomes impossible for interviewees to dissociate their feedback from the noise issue. It should not be construed that awareness of the noise problems in the area is somehow a negative parameter for the investigation, but simply that it is not advisable to focus only on noise issues at the very beginning of the inter-view. The principal of a successful interview is to ask the local population to express themselves on the important sounds of their district and then to determine with them those with high impact and establish the level of annoyance at which they are evaluated.
Interestingly, in the case of the Volos U.A. and specifically in "Fitokou" district, located in the proximity NE of the agglomeration adjacent to the city ring road, there were no complaints about the road traffic noise, which seems not to be regarded as intense, due to the fact that it is mixed with many sounds linked to the natural environment: the wind, bird songs, dogs, hens and even farm animals such are goats and horses.
In the same urban area, the annoyance from the operation of the nearby ring road came mainly from specific events such as speed acceleration or accidents, perceived by the resident population, which is not on the basis of excessive values of L den or L night indices but was related to safety issues for pedestrians and the promotion of a bad image for the neighborhood from noises such as cars and motorbikes speeding over the legal limit and illegal street racing. Consequently, it is important that the questionnaire introduces a discussion with the interviewed population to provide them with an opportunity to freely express their opinions. Therefore, it is important that the interviewer addresses all the questions in a form of general discussion, in which the audio is recorded for review analysis. The analysis of the interviews follows protocols used in similar research in the field of urban sociology and the perception of the environment [11] . The purpose was to synthesize the responses in a usable form for the analysis in order to group them according to their validity. Interview transcriptions were checked and categorized based on the recurrence of important, individual expressions; therefore, it is recommended that each interview is transcribed an entry line for each individual interviewed and an entry column for each specific question addressed. The data cell contains key words quoted during the discussion that simplify the qualitative and quantitative analysis function of the total data spreadsheet thus enabling successful categorizing of individual answers. Specific qualitative analysis data software might also be used. Such software might assist all potential researchers to summarize main answers for each independent question. Each urban location where the interview took place needs to be marked on the map, giving the possibility to re-contextualize the responses of the interviewees, to partly explain why the sound phenomena are described as they are. This allows two distinct types of results to be mapped for each area as follows: • Sound Signals and Sound Marks Map: It is clear that signals and sound events are mentioned mainly by the locals and correlate with activities of the district, or perhaps are even produced outside the dis- Before the construction of XXX, do you believe the area had less noise problems? 22.
When and where in the district or in your house do you suffer the most from the XXX noise? trict boundaries but are clearly perceived in the research area. All these sounds are audible indications of the sound identity of the given urban area, even if sometimes, some of them can only be perceived within the relevant boundaries. They are typical of the research location describing it, so when these sounds are heard, local residents perceived, realise that they are at home. In this case, we have a sound mark. It is important to underline that this specific type of map does not actually show any sound sources to avoid the map becoming unreadable. Its aim is to solely describe all that the local residents perceive. Within all the perceivable sounds in a day, in a week, or even within a year, some are more memorable and therefore shape the ordinary perception of the residents in the district. They may be either pleasant or unpleasant; but they mark in people's minds as the signs and markers of the sound identity of this particular district.
• Sound Identity Map: The compilation of all the available interviews can bring out specific sub-areas of the district which are fairly homogeneous in terms of how sounds are produced and heard within them. These are the identities that help to describe, on average, how the people perceive and produce several sounds in a specific area. For each of them, a name or a description of the urban area is given that characterizes its sound environment. This type of map aims to summarize in a simplified format all the data that have emerged from the interviews. (See following Figures 9 and 10 ). The comparison between Figures 10a and 10b is clear: It shows the impact of the traffic operation in this area and actually the mask created by takeoff procedures. In Figure 10a , the same district is represented but without the mask created by the airplane and it shows the various sound identities of the neighborhood (see also Figure 9 ).
Cross-analysis
By following the previous methodology for a selected area, it is possible to cross-analyse at a minimum of six distinct overlapping layers of noise maps, including (a) the Strategic Noise Map, (b) the Urban Typology Map, (c) the SpatioAcoustic Typology Map, (d) the Predominant Usage Map, (e) the Sound Signal and Sound Markers Map and also (f) the Sound Identity Map. The strategic noise map provides precise depictions of the industrial and traffic noise that characterizes the district. The urban typology map completes the previous S.N.M. by adding an evaluation of the propagation space qualities. Then the Spatial-Acoustic Typology map describes the built-up environment that might influence the sound propagation creating locally specific sound effects. The Predominant Usage Map also adds in the information on activities spotted within the built environment and the public spaces. This first 5-layer maps can be cross-analysed in order to explain how the given builtup space, sound sources and activities co-exist in the same urban environment. The last two maps, specifically the Sound Signal and the Sound Markers Map and the Sound Identity Map, are created from the contents of the interviews. The creation of these "mapping" databases in correlation with the quantitative noise measurements allows an in-depth analysis of the acoustic qualities and possibly negative aspects of the district also clarifying the reasons for various problems and possible acoustically diminished environmental quality. They also facilitate the decision making procedure on a local level as well as on the Urban Agglomeration planning level (noise sources, propagation conditions, urban built forms, ground coverings, social dynamics and organisation of the district, etc).
In other words, the mapping methodology and the cross-analysis make possible discussions between the following perspectives, those of the acoustic engineers, transportation engineers, town planners, architect, residents, and policymakers.
For example, the comparison of the strategic noise maps with the typologies sections streets typology allows to highlight the role of space built in the traffic noise propagation. It restores somehow the third dimension to the SNM.
These two maps (SNM and street sections typology) used in connection with the map of the predominant uses give indications of the he dominant tonality of a neighborhood (on the base of the sounds that residents can hear in situ).
At a smaller scale, the spatio-acoustic typology map allows to spot significant variations in the sound environment that can be used as acoustic potentials by developers and policymakers.
Finally, the maps that summarize the interviews and shows how sound indices, sound markers and soundscapes are perceived by residents give a general geography of the district on which a general noise action plan and soundscape design guidelines can be drawn.
Results: Noise Action Plans and
Soundscape Design Guidelines
Noise Action Plans (N.A.P.)
Following the main results presented in the chapter above, several hypotheses become possible, and in collaboration with the local authorities, a series of simulations is available in order to evaluate the impact of proposed important actions and modifications, particularly in regard to the existing status of both traffic and industrial noise sources. In the table which follows, the relative main hypotheses produced for each of the 7 Urban Agglomerations are listed. These N.A.P. have two types of impacts: (a) reducing the noise levels (of both indicators Lden and Lnight) regarding the infrastructure in operation and (b) reducing the number of people, buildings or surfaces exposed to high levels of environmental noise according to existing legislation [12] .
The following Table 5 resumes the mains results expected from the implementation of the relevant proposed N.A.P. Such simulation and statistical analysis offer the opportunity to test several scenarios and together with the local authorities, select the best ones. In fact, several scenarios were tested by request of the municipality involved. Some of them were inefficient from the acoustic point of view and involved considerable expenses, but their implementation as pilot study offered an important learning opportunity for the members of the technical services of the municipality engaged in the implementation of the EU directive.
Land Use Management
Together with the noise action plan, the soundscape creation guidelines production has encouraged the findings Reducing traflc by enlarging the sidewalks and by minimizing parking slots. Figure 11 : Proposed Land Uses Action Plan [14] of the research to also be applied to land use management. Research [13] into the sound management of econeighbourhoods across European countries shows a recurrence of approaches implemented at the neighborhood scale. All these principles are well known and effectively managed. They are the minimum toolbox shared by a community of experts in Europe, including architects, sound engineers, and transportation engineers. The general strategy is to reduce noise, in most cases noise of transport infrastructure and/or industry, for the protection of the perimeters of the district; and the further we enter into the dense heart of the district, the more we try to promote the existence of sound situations that relate more to human activities, neighborhood noises and the sounds of nature.
In the following example, such considerations have also been applied to areas in proximity to the airport of Cyprus [14] : It is noted that a limited number of residences already exist in the L night > 60dB(A) zone at the South West of the Airport (existing runway 04), while the immediate area for all scenarios seems to be exposed to noise zone of L nigh t>60 dB(A). Therefore, there should be provision in the New Local Plan of Larnaka that will ensure that in future potentially negatively impacted residential development expansion is avoided. The same impact is observed in all scenarios, which suggests that the implementation of the above proposal for land use is mandatory. In the above framework, the wider area of the Local Plan of Larnaka is in fact expected to be exposed to noise levels of index L night > 60 dB(A), marked with a red dotted area and shown in the figure below. The existing land uses in this area concern residential development, irrigated areas, open areas -outside development borders, protected areas (salt lakes, etc.), local parks/athletic courts, etc. Regarding the proposed Land Uses Action Plan (shown in Fig. 12 below) within the "red dotted" zone (specified as Residential Control of Acoustic Criteria -"ZOEAK"), the following guidelines were proposed: 
Soundscape Design Guidelines
For each district soundscape design guidelines have been written in order to understand and preserve the sound identity of a given neighborhood in an urban agglomeration, and unfolded on three distinct levels as analyzed hereafter:
• Environmental dimension level: Describing all physical, emission and propagation characteristics for all types of environmental sound sources including e.g. noise barriers and various propagation obstacles, road surface characteristics, urban soil media, shape and use of buildings. This level is quite predictable and permits highly accurate evaluation of the quantity aspect in noise reduction resulting from those mitigation choices (see noise actions plan section).
• Milieu dimension level (social practices): Describing, where possible, all the uses already offered and all other potential uses as well, and acting on a master land use plan level, that welcomes or discourages particular distinct uses, such us public open or "intra muros" spaces, restaurants, cafés, bars, public gathering places, schools, playgrounds, markets, multiple event spaces, etc. This dimension level is not fully predictable, but the possibility of choosing to implement or to avoid and even exclude, certain activities, may affect the acoustic environment.
• Soundscape dimension level: Characterizing the most sentient and symbolic links that residents establish with the particular sounds of their neighborhood and which are highly valued as for example are some natural sounds and some, city sounds such as, church bells, markets and schoolyards. This dimension is also quite difficult to predict but it is an important contributing factor in the success of a broader noise action plan.
In conclusion, for each distinct district, a Noise Action Plan was proposed based on sound analysis identities and aiming (a) to preserve the qualities that identified by residents for every case study area and enhancing certain qualities observed in the field. (b) to manage activities on the sites in a way that ensures land use mixture while maintain distinctions, and (c) to create attractive sound dimensions in order to promote a pleasant soundscape . For example, in Chania, (NW part of the island of Crete), all the previous methodology has been applied to the historic center. After measurements, simulation, in situ observation, interviews and the editing of the series of quantitative and qualitative maps, it is possible to give the authorities sound environment guideline as follows in Figure 12 and Table 6 :
Discussion
The European Directive was a great impulse to propose new methodologies in an attempt to extend beyond noise mitigation and try to aim at regulating future soundscape sound quality designs. The main goal of such methodology is not only to prevent urban areas from unacceptable noise types and levels, but also to actively promote the creation of an individualized sound environment. We consider them individualized because they have their own identities that make them recognizable and appreciated by residents and visitors. They avoid standardization in sound environment qualities and thus create a resource that might be borrowed from in the future generate innovation in noise mitigation, soundscape, urban and architectural design. The implementation of the guidelines requires a multidisciplinary approach that gathers public authorities, citizen, acousticians, city planners and architects together to share their viewpoints and learn from each other. 
Identity Environment

Milieu
Soundscape
Commercial zone
In the southern limits of the study area ie the Skalidi, Ch. Giannari and El. Venizelou streets, but also at the squares 1866, Kotzabanis and Market, we propose the regeneration of urban floor to enhance walking and reduce the use of motorised vehicles.
-reduction of road traffic noise by speed limitations and introducing softer surfaces.
-enhancing the use of urban space dedicated to pedestrians, -construction of municipal and free peripheral parking lots.
-connecting the parking lots to the historic centre by free public transports. -maintenance of the actual uses of the spaces,
-improve the presence of vegetation in public spaces and the introduction of a water element in the city -creation of different listening points of interest selected because they express a specific sound atmosphere: commercial areas zone, close market, , Conservatory, small parks , bazaars, etc.
-improve the presence of vegetation in the public spaces and introduction in the city centre of the water element (public fountains)
The heart of the neighbourhood and the harmonic synthesis -protection of traditional materials in both urban floors and of facades buildings -replanting of abandoned land in order to introduce new sounds of nature: the rustling leaves, bird songs, etc.
-reduce licence authorization in this area for places that play music (bars, restaurants, taverns) 
Rosanera
-rehabilitation of the park and the building of Rozanera -maintain mixing of uses and promote the establishment of new public services and private companies, offices. -creation of landscape listening points in the streets around the archaeological sites,
-rehabilitation / creation of public space to enjoy view point and listen point at Rozanera site.
Concluded
Mapping methodologies seem to be the most effective way of facilitating the exchange of information between partners and also the best way to communicate expert analysis with other professionals and local citizens. This methodology proposes a set of qualitative maps that complements the usual strategic noise maps and noise action plan maps.
These maps represent at the same scale the several qualities of the urban built-up space indicate the kind of sounds that might be heard in situ beyond traffic and industrial noise, and show how all these elements interact to build a sound identity for each place. It is important that maps and GIS are used in order to provide the multilayer of information for a specific territory to be efficiently dealt with and also to help to re-introduce the 3 rd dimension (sections) in the plan, which is very important from the noise and sound point of view. Qualitative maps require long period of time and in situ observations to be drawn. But they need to be extremely precise if we want to use them to design the evolution of the soundscape in a district and more generally in a town.
